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Description

[0001] The invention relates to a hair-care appliance
comprising:

hair-styling means; an electric heating element for
heating the hair-styling means; electrodes which
enter into contact with the hair to be groomed during
use of the hair-care appliance;

and a measurement circuit, electrically connected
to the electrodes for measuring a resistance value
between the electrodes and for converting the re-
sistance value into a measurement signal.

[0002] Such ahair-care appliance is known from Unit-
ed States Patent US 4,877,042. A hair-care appliance
is to be understood to mean an electrically heated de-
vice, which may or may not incorporate a blower, for
curling, shaping or styling the hair. Such appliances in-
clude a hair brush, a hair curler and hair comb without
blower, and a hair dryer and hot air brush with blower.
Grooming the hair is often effected by first moistening
the hair and then shaping it into the desired style with
the styling means of the hair-care appliance, in combi-
nation or not in combination with a comb or curlers. The
hair is dried by the heat of the heating element, for which
care must be taken that the hair cannot become too dry
because dry hair is more liable to be damaged. For this
purpose, the known hair-care appliance comprises elec-
trodes which contact the hair and a measurement circuit
which measures the resistance of the hair. The resist-
ance of the hair depends on the moistness of the hair.
Dry hair has a comparatively high resistance and wet
hair has a comparatively low resistance. The resistance
variation is fairly large and therefore it is quite difficult to
determine when the resistance passes a certain thresh-
old, so as to allow signalling that the moistness of the
hair has reached the desired value.

[0003] Patent Abstracts of Japan, Vol 15, No. 100, C-
813 abstract of JP 3-8 A, also discloses a hair-care ap-
pliance as recited in the opening paragraph.

[0004] Itis an object of the invention to provide a hair-
care appliance with an accurate moistness measure-
ment of the hair. To this end the hair-care appliance of
the type defined in the opening paragraph is character-
ized in that the measurement circuit comprises:

a voltage source connected between a first terminal
and a first electrode of said electrodes; a first resis-
tor connected between the first terminal and a sec-
ond electrode of said electrodes; a second resistor
connected between the second electrode and a
second terminal; and a converter for converting a
signal current through a current path from the sec-
ond terminal to the first electrode into the measure-
ment signal, the converter comprising: an integrator
with a differential amplifier having an inverting input
coupled to the second terminal, and with a capacitor
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connected between an output of the differential am-
plifier and the inverting input; a comparator having
an output connected to the first terminal, having a
non-inverting input coupled to the output of the dif-
ferential amplifier of the integrator via a third resistor
and to the output of the comparator via a fourth re-
sistor, and having an inverting input arranged to re-
ceive a reference voltage.

[0005] The first resistor, the second resistor and the
resistance of the hair between the electrodes forma T
network energized by the voltage source. The signal
current through the second resistor flows into the con-
verter, which converts it into a suitable measurement
signal. The signal current through the second resistor is
a fraction of the current through the first resistor, be-
cause part of itis shunted by the hair resistance between
the electrodes. The advantage of this configuration is
that the dynamic range of the signal current is reduced.
A comparatively large variation in the hair resistance
produces a comparatively smaller signal current varia-
tion. As a result, measurement is possible over a larger
resistance range with the same resolution. In order to
preclude electrolysis in the hair and corrosion of the
electrodes it is preferred to use alternating voltages and
alternating currents. The T network reduces the imped-
ance level of the measurement circuit, which renders the
measurement circuit more immune to spurious signals,
particularly as a result of capacitive coupling to the elec-
tric mains.

[0006] Enzyklopadie der Elektrotechnik, Script of
Technical University Graz, 1989, pages 248, 249, 265
and 266 discloses a three-resistor T-network circuit en-
ergized by a voltage source for measuring the resist-
ance of an unknown resistor.

[0007] The integrator and the comparator together
with the T network form a resistance-to-frequency con-
verter, the output of the comparator also serving as the
alternating voltage source for the T network. The invert-
ing input of the differential amplifier of the integrator re-
ceives the signal current via the second resistance. In
the case of moist hair the resistance between the elec-
trodes is low and the signal current is small. It then takes
a comparatively long time before the output signal of the
integrator reaches the reference voltage and the voltage
on the comparator output changes over. After the
change-over the direction of the signal current is re-
versed and the output voltage of the integrator will in-
crease in the opposite direction until the reference volt-
age is reached again. The third and the fourth resistor
produce hysteresis in the comparator, as a result of
which the output voltage of the integrator has to assume
two different levels in order to cause the comparator to
change over. Owing to the comparatively small signal
current to the integrator in the case of moist hair, the
frequency at which the comparator output changes over
is relatively low. In the case of dry hair the hair resistance
is high and the signal current is large. The change-over
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frequency is then comparatively high.

[0008] As is known from said United States Patent,
the measurement signal supplied by the converter can
be employed to warn the user that the hair becomes too
dry by means of a sound signal. However, it is not un-
likely that the user does not respond or responds too
late. In order to mitigate this problem, an embodiment
of the hair-care appliance is characterized in that the
hair-care appliance further comprises means for com-
paring the measurement signal with a reference signal,
and means for turning off the heating element in re-
sponse to the comparison. As soon as the desired
moistness is reached the heating is turned off so as to
preclude overheating. In the case of hair-care applianc-
es having a blower it is then also possible to switch off
the blower. However, for a better fixation of the hair it is
advantageous to blow with cold air for a while. In order
to signal to the user that enough cold air has been ap-
plied, a further embodiment of the hair-care appliance
is characterized in that the hair-care appliance compris-
es a timer for supplying an activation signal to a signal-
ling device after the heating element has been turned
off. If desired, the activation signal can then also turn off
the blower.

[0009] Inorderto enable a given moistness of the hair
to be signalled and the heating element to be switched
off, a frequency measurement is necessary, the fre-
quency of the output signal being compared with a ref-
erence frequency. For this purpose, an embodiment of
the hair-care appliance is characterized in that the
means for comparing comprise: a first monostable mul-
tivibrator having an output and having a trigger input
coupled to the output of the comparator; a second mon-
ostable multivibrator having an output and having a trig-
ger input coupled to the output of the first monostable
multivibrator; and the means for turning off the heating
element comprise: an electronic switch having a main
current path in series with the heating element and hav-
ing a control input coupled to the output of the second
monostable multivibrator.

[0010] In the case of a high frequency the first mon-
ostable multivibrator is triggered so frequently that the
output remains at a given direct voltage. The second
monostable multivibrator is then not triggered. From a
given low frequency the output temporarily assumes an-
other value and the second monostable multivibrator is
then triggered. The output signal of the second multivi-
brator indicates whether the frequency is above or be-
low a given value and this signal controls an electronic
switch which turns on and turns off the heating element.
[0011] The circuit for measuring the hair resistance
can also be used for measuring other resistance values,
for example those of NTC and PTC resistors in thermo-
stats, light-sensitive resistors in lighting switches, i.e. for
uses where a resistance variation is to be monitored.
[0012] These and other aspects of the invention will
be described and elucidated with reference to the ac-
companying drawings, in which
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Figure 1 shows a hair-care appliance with hair mois-
ture measurement in accordance with the invention;
Figure 2 shows measurement electrodes for meas-
uring the hair moistness;

Figure 3 shows measurement electrodes in contact
with a hair;

Figure 4 shows a basic diagram of a hair resistance
measuring device in a hair-care appliance in ac-
cordance with the invention;

Figure 5 shows a part of a circuit diagram of an em-
bodiment of a hair-care appliance in accordance
with the invention;

Figure 6 shows waveform diagrams of signals ap-
pearing in an embodiment of a hair-care appliance
in accordance with the invention; and

Figure 7 shows a part of a circuit diagram of an em-
bodiment of a hair-care appliance in accordance
with the invention.

[0013] In these Figures like parts bear the same ref-
erence symbols.

[0014] Figure 1 shows a hair-care appliance, particu-
larly a hair dryer. The hair dryer has a housing 2 with a
handle 4 provided with a control switch 6. The housing
accommodates (not shown) a heating element, a blower
and actuation, measurement and control electronics
with an associated power supply. The air drawn in by
the blower and, if applicable, heated by the heating el-
ement emerges from the housing via an outlet 8, onto
which a diffuser 10 can be fitted to spread the air. The
diffuser 10 has diffuser tips 12, which come into contact
with the hair to be dried during use of the hair dryer. As
is shown in Figure 2, one or more of the diffuser tips 12
carry electrodes 14A/14B, which by means of connec-
tion wires 16A/16b, concealed in the diffuser tips 12 and
the diffuser 10, are connected to corresponding connec-
tion wires in the housing 8. The electrodes 14A/14B can
be made of any suitable material, for example copper
foil. During use the electrodes 14A/14B are in contact
with a hair 18, as is shown in Figure 3. Instead of or in
addition to the diffuser tips 12 electrodes may be ar-
ranged at suitable locations on the outlet 8 to allow the
hair dryer to be used without a diffuser.

[0015] Instead of the hair dryer shown in Figure 1 the
hair-care appliance may be a hot air brush, where hot
air emerges from a brush. In that case the electrodes
are arranged at suitable points of the brush structure.
Also in the case of hair-care appliances without a blow-
er, such as an electrically heated hair curler or hair
comb, the electrodes are arranged at locations where
the hair to be groomed comes into contact with the ap-
pliance.

[0016] The moistness of the hair is determined by
measuring the resistance of the hairs which are in con-
tact with the electrodes 14A/14B. Wet hair has a com-
paratively low resistance and dry hair has a compara-
tively high resistance. Figure 4 shows the basic diagram
of the resistance measuring device. The hair resistance
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R, to be measured between the electrodes 14A and 14B
is included in a T network, which further comprises a
first resistor 20 connected between a first terminal 22
and the electrode 14A, and a second resistor 24 con-
nected between the electrode 14A and a second termi-
nal 26. A voltage source 28 is connected to the first ter-
minal 22 and the electrode 14B and a converter 30 is
connected to the second terminal 26 and the electrode
14B. The voltage source 28 supplies a current to the T
network, a part of which current, i.e. the signal current
I to be measured, flows through a current path which
extends from the second terminal 26 to the electrode
14B via the converter 30. In order to preclude electrol-
ysis of the hair and corrosion of the electrodes 14A/14B
the voltage source 28 is preferably a source with an a.
c. component, which component is used for the meas-
urement of the hair resistance. For this purpose, a cou-
pling capacitor can be arranged in series with one of the
electrodes 14A/14B to block the d.c. component. The
converter 30 converts the signal current | into a meas-
urement signal MS which is a measure of the resistance
R, of the hair.

[0017] The operation of the converter 30 can be
based on a measurement of the voltage across a resist-
ance in series with the second resistor 24 and a com-
parison of the measured voltage with a reference volt-
age which has been determined by experiment and
which corresponds to a given degree of moistness of
the hair. A measurement based on the current | is to be
preferred because of the lower impedance level at the
second terminal 26. The T network configuration reduc-
es the impedance level between the voltage source 28
and the second terminal 26, as a result of which spurious
signals, particularly those resulting from capacitive cou-
pling between the mains voltage and the second termi-
nal 26, have less effect. A suitable choice of the resist-
ance value R, for the first resistor 20 and of the resist-
ance value R, for the second resistor 24 reduces the
dynamic range of the signal current I5. This means that
a comparatively large variation in the resistance value
R, produces a comparatively small variation in the sig-
nal current l. The resistance value R, should vary to a
comparatively greater extent for a given variation in the
signal current I than in the case that the resistance R,
to be measured had been arranged directly between the
voltage source 28 and the second terminal 26. By in-
cluding the resistance R, to be measured in a T network
a large resistance range can be measured without loss
of resolution and, in addition, the susceptibility to spuri-
ous signals is reduced.

[0018] Figure 5 shows a more detailed diagram of the
converter 30. The values given for the resistors and ca-
pacitors and the type numbers of the electronic devices
are merely given by way of illustration and example. The
converter is a resistance-to-frequency converter com-
prising an integrator 32 formed by a differential amplifier
34 of the type TLC 252, having an inverting input 36 cou-
pled to the second terminal 26 of the T network, and a
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10 nF capacitor 38 connected between an output 40 of
the differential amplifier 34 and the inverting input 36.
The converter 30 further comprises a comparator 42,
also of the type TLC 252, having an output 44 connected
to the first terminal 22 of the T network, and a non-in-
verting input 46, which is coupled to the output 40 of the
differential amplifier 34 via a 33 kQ resistor 48 and to
the output 44 of the comparator 42 via a 47 kQ resistor
50, which output supplies the measurement signal MS.
The other inputs of the differential amplifier 34 and the
comparator 42 are connected to a reference voltage ter-
minal 56, connected for example to half the supply volt-
age of the differential amplifier 34 and the comparator
42.

[0019] The electrode 14Ais connected to the resistors
20 and 24 of the T network, which resistors both have
a value of 470 kQ, via a 1 uF coupling capacitor 52 and
a 10 kQ resistor 54. The electrode 14B is connected to
the reference voltage terminal 56. A 470 pF interference
suppression capacitor 58 is arranged across the elec-
trodes 14A and 14B.

[0020] The integrator 32 and the comparator 42 to-
gether with the T network form a resistance-to-frequen-
cy converter, the output 44 of the comparator 42 also
forming the a.c. source for the T network. The signal cur-
rent I through the resistor 24 flows into the inverting
input 36 of the differential amplifier 34. In the case of
moist hair the resistance between the electrodes 14A/
14B is low and the signal current | is small. It then takes
a comparatively long time before the output signal of the
integrator 32 reaches the reference voltage on the ref-
erence voltage terminal 56 and the measurement signal
MS on the comparator output 44 changes over. After the
change-over the direction of the signal current I is re-
versed and the output voltage of the integrator 32 will
increase in the opposite direction until the reference
voltage is reached again. The resistor 48 and the resis-
tor 50 produce hysteresis in the comparator 42, as a re-
sult of which the output voltage of the integrator 32 has
to assume two different levels in order to cause the com-
parator 42 to change over. Owing to the comparatively
small signal current I to the integrator in the case of
moist hair, the frequency at which the measurement sig-
nal MS changes over is relatively low and the measure-
ment signal will have a waveform as shown at MS, in
Fig. 6. In the case of dry hair the hair resistance is high
and the signal current | is large. The frequency of the
measurement signal MS is then comparatively high, as
shown at MSp, in Fig. 6.

[0021] The variable frequency of the measurement
signal MS is compared with a reference frequency which
is representative of a hair moistness at which the heat-
ing element of the hair-care appliance should be turned
off in order to preclude excessive drying and damage to
the hair. Figure 7 shows a circuit suitable for this pur-
pose. Again, the values given for the resistors and ca-
pacitors and the type numbers of the electronic devices
are merely given by way of illustration and example. The
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measurement signal MS is applied to the negative trig-
ger input -T of a first monostable multivibrator 60 of the
type HEF 4538, which has its positive trigger input +T
and its reset input R connected to the positive supply
voltage. The time constant of the monostable multivibra-
tor 60 is determined by a 680 nF capacitor 62 across
the terminals CX and RC of the monostable multivibrator
60 and by a variable 100 kQ resistor 64 and a fixed 39
kQ resistor 66 between the terminal RC and the positive
supply voltage. In the case of a negative signal transient
on the negative trigger input -T the output QN will
change over from a relatively positive value to a rela-
tively negative value and this state will be sustained for
a time determined by the capacitor 62 and the resistors
64 and 66. After this, the output QN will automatically
resume the relatively positive value. The output QN of
the monostable multivibrator 60 is connected to the neg-
ative trigger input -T of a second monostable multivibra-
tor 68, also of the type HEF 4538, which has its positive
trigger input +T and its reset input R connected to the
positive supply voltage. The time constant of the second
monostable multivibrator 68 is determined by a 680 nF
capacitor 70 across the terminals CX and RC of the
monostable multivibrator 68 and by an 820 kQ resistor
72 between the terminal RC and the positive supply volt-
age. The Q output of the second monostable multivibra-
tor 68 drives the base of a switching transistor 76 via a
resistor 74, which transistor energizes a relay 80 via an
optional LED 78. The relay 80 actuates a switch 82
which connects a heating element 84 to the mains volt-
age, which can be turned on by means of the switch 6
on the handle.

[0022] In the case of a high frequency of the meas-
urement signal MS, i.e. in the case of dry hair, the first
monostable multivibrator 60 is triggered so frequently
that the output QN remains constantly relatively low. The
second monostable multivibrator 68 is then not trig-
gered. However, below a given frequency of the meas-
urement signal, dictated by the capacitor 62 and the re-
sistors 64 and 66, the output QN of the first monostable
multivibrator 60 will temporarily go high and then low
again, causing the second monostable multivibrator 68
to be triggered. The signal on the output Q of the second
monostable multivibrator 68 thus indicates whether the
frequency is above or below a given value and this sig-
nal controls an electronic switch which turns on and
turns off the heating element. As long as the second
monostable multivibrator 68 is triggered, i.e. below a giv-
en frequency at which the hair is still too moist, the out-
put Q of this second monostable is high, the relay is en-
ergized by the transistor 76, and the heating element 84
is energized via the switch 82. When a given frequency
is reached, i.e. when the desired degree of moistness
is reached, the triggering of the second monostable mul-
tivibrator 68 ceases, and the heating element 84 is
turned off.

[0023] If the hair-care appliance comprises a blower,
the blower motor 86 may be connected directly to the
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mains voltage via a connection 88. The blower is then
started when the mains voltage is switched on by means
of the switch 6. The LED 78 in series with the relay 80
indicates that the heating element is on. After the heat-
ing element has been turned off the blower continues to
rotate. The cool air stream then promotes a better fixa-
tion of the hair.

[0024] The output Q of the second monostable multi-
vibrator 68 is further connected to the negative trigger
input -T of a third monostable multivibrator 90, which is
also of the type HEF 4538, which has its positive trigger
input +T and its reset input R connected to the positive
supply voltage. The time constant of the third monosta-
ble multivibrator 90 is determined by a 33 uF capacitor
92 across the terminals CX and RC and by a 470 kQ
variable resistor 94 and a 10 kQ resistor 96 between the
terminal RC and the positive supply voltage. The output
Q of the third monostable multivibrator 90 is, in its turn,
connected to the negative trigger input -T of a fourth
monostable multivibrator 98, again of the type HEF
4538, which has its positive trigger input +T connected
to the positive supply voltage. The reset input R is con-
nected to the output QN of the second monostable mul-
tivibrator 68. The time constant of the fourth monostable
multivibrator 98 is determined by a 10 uF capacitor 100
across the terminals CX and RC and by a 470 kQ vari-
able resistor 102 and a 10 kQ resistor 104 between the
terminal RC and the positive supply voltage. The output
Q of the fourth monostable multivibrator 98 drives the
base of a switching transistor 108 via a resistor 106,
which transistor energizes a buzzer 110. The buzzer 110
is of a type which produces noise as long as it receives
direct voltage.

[0025] When the heating element 84 is turned doff,
the third monostable multivibrator 90, which serves as
a timer, is triggered. After a given run-out time deter-
mined by the time constant of the third monostable mul-
tivibrator 90, the fourth monostable multivibrator 98 is
triggered and the buzzer will produce a sound signal
during a time determined by the time constant of the
fourth monostable multivibrator 98. The buzzer 110
gives the user a signal that the run-out time has expired
and that further cooling with cold air is no longer neces-
sary. If desired, an optional circuit may be provided to
switch off the blower motor 86 after expiry of the run-out
time. For this purpose, the output QN of the third mon-
ostable multivibrator 90 drives the base of a switching
transistor 114 via a resistor 112, which transistor ener-
gizes arelay 116 whose switching contact 118 takes the
place of the fixed connection 88.

[0026] The converter 30 of Fig. 5 and the circuit of Fig.
7 are energized by means of a transformer 118 and a
rectifier 120, which provide the required electrical isola-
tion between the mains voltage and the electrodes 14A/
14B.

[0027] Obviously, the comparison of the frequency of
the measurement signal MS with a reference frequency
can also be effected in another way then described
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hereinbefore. It is, for example, possible to use an FM
discriminator which converts the variable frequency into
a varying direct voltage and a comparator which com-
pares the direct voltage with a reference voltage. Anoth-
er possibility is a microprocessor which counts the
number of falling edges of the measurement signal MS
within a fixed time window.

[0028] The measurement circuit shown in Figure 4
and the embodiment shown in Figures 5 and 7 are very
suitable for use in hair-care appliances. The resistance
variation of the hair is fairly large and the T network pro-
vides a high measurement accuracy and an improved
immunity to spurious signals. However, the circuit for
measuring the hair resistance can also be used for other
purposes. Examples of this are measurements of vari-
ous other resistance values, for example those of NTC
and PTC resistors in thermostats, light-sensitive resis-
tors in lighting switches, i.e. uses where a resistance
variation is to be monitored.

Claims
1. A hair-care appliance comprising:

hair-styling means (10, 12); an electric heating
element (84) for heating the hair-styling means
(10, 12); electrodes (14A, 14B) which enter into
contact with the hair to be groomed during use
of the hair-care appliance; and a measurement
circuit, electrically connected to the electrodes
(14A, 14B) for measuring a resistance value
(R,) between the electrodes (14A, 14B) and for
converting the resistance value into a measure-
ment signal (MS), characterized in that the
measurement circuit comprises: a voltage
source (28) connected between a first terminal
(22) and a first electrode (14B) of said elec-
trodes (14A; 14B); a first resistor (20) connect-
ed between the first terminal (22) and a second
electrode (14A) of said electrodes (14A; 14B);
a second resistor (24) connected between the
second electrode (14A) and a second terminal
(26); and a converter (30) for converting a sig-
nal current (Ig) through a current path from the
second terminal (26) to the first electrode (14B)
into the measurement signal (MS), the convert-
er (30) comprising: an integrator (32) with a dif-
ferential amplifier (34) having an inverting input
(36) coupled to the second terminal (26), and
with a capacitor (38) connected between an
output (40) of the differential amplifier (34) and
the inverting input (36); a comparator (42) hav-
ing an output (44) connected to the first terminal
(22), having a non-inverting input (46) coupled
to the output (40) of the differential amplifier
(34) of the integrator (32) via a third resistor (48)
and to the output (44) of the comparator (42)
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via a fourth resistor (50), and having an invert-
ing input arranged to receive a reference volt-
age (56).

2. A hair-care appliance as claimed in Claim 1, char-

acterized in that the hair-care appliance further
comprises means (60, 68) for comparing the meas-
urement signal (MS) with a reference signal, and
means (76, 80, 82) for turning off the heating ele-
ment (84) in response to the comparison.

3. A hair-care appliance as claimed in Claim 2, char-

acterized in that the hair-care appliance comprises
a timer (90) for supplying an activation signal (Q) to
a signalling device (98, 110) after the heating ele-
ment (84) has been turned off.

4. A hair-care appliance as claimed in Claim 3, char-

acterized in that the hair-care appliance further
comprises a blower (86) and means (114, 116, 118)
for switching off the blower (86) in response to the
activation signal (QN) from the timer (90).

5. A hair-care appliance as claimed in Claim 1, 2 or 3,

characterized in that the voltage source (28) is an
alternating voltage source (42, 44) and the signal
current is an alternating current.

6. A hair-care appliance as claimed in Claim 2, 3, 4 or

5, characterized in that the means for comparing
comprise: a first monostable multivibrator (60) hav-
ing an output (QN) and having a trigger input (-T)
coupled to the output (44) of the comparator (42); a
second monostable multivibrator (68) having an
output (Q) and having a trigger input (-T) coupled
to the output (QN) of the first monostable multivi-
brator (60); and the means for turning off the heating
element (84) comprise: an electronic switch (76, 80,
82) having a main current path (82) in series with
the heating element (84) and having a control input
(74, 76) coupled to the output (Q) of the second
monostable multivibrator (68).

Patentanspriiche
1. Haarpflegegerat mit:

Haarstylingmitteln (10, 12); einem elektrischen
Heizelement (84) zum Beheizen der Haarsty-
lingmittel (10, 12); Elektroden (14A, 14B), die
bei Verwendung des Haarpflegegerates in
Kontakt mit dem zu versorgenden Haar gelan-
gen; und einer Messschaltung, die zum Mes-
sen eines Widerstandswertes (R,) zwischen
den Elektroden (14A, 14B) und zum Umwan-
deln des Widerstandswertes in ein Messsignal
(MS) mit den Elektroden (14A, 14B) elektrisch



11 EP 0792 113 B1 12

verbunden ist, dadurch gekennzeichnet,
dass die Messschaltung umfasst: eine zwi-
schen eine erste Klemme (22) und eine erste
Elektrode (14B) der genannten Elektroden
(14A; 14B) geschaltete Spannungsquelle (28);
einen zwischen die erste Klemme (22) und eine
zweite Elektrode (14A) der genannten Elektro-
den (14A; 14B) geschalteten ersten Wider-
stand (20); einen zwischen die zweite Elektro-
de (14A) und eine zweite Klemme (26) geschal-
teten zweiten Widerstand (24) und einen
Wandler (30) zum Umwandeln eines durch ei-
nen Strompfad von der zweiten Klemme (26)
zur ersten Elektrode (14B) flieBenden Signal-
stroms (lg) in das Messsignal (MS), wobei der
Wandler (30) umfasst: einen Integrierer (32) mit
einem Differenzverstarker (34), der einen mit
der zweiten Klemme (26) und mit einem Kon-
densator (38), der zwischen einen Ausgang
(40) des Differenzverstarkers (34) und den in-
vertierenden Eingang (36) geschaltet ist, ge-
koppelten invertierenden Eingang (36) hat; ei-
nen Komparator (42), der einen mit der ersten
Klemme (22) verbundenen Ausgang (44), ei-
nen uber einen dritten Widerstand (48) mit dem
Ausgang (40) des Differenzverstarkers (34)
des Integrierers (32) und tber einen vierten Wi-
derstand (50) mit dem Ausgang (44) des Kom-
parators (42) gekoppelten nichtinvertierenden
Eingang (46) und einen invertierenden Eingang
hat, der zum Empfangen einer Bezugsspan-
nung (56) ausgebildet ist.

Haarpflegegerat nach Anspruch 1, dadurch ge-
kennzeichnet, dass das Haarpflegegerat weiter-
hin Mittel (60, 68) zum Vergleichen des Messsi-
gnals (MS) mit einem Bezugssignal umfasst sowie
Mittel (76, 80, 82) zum Abschalten des Heizelemen-
tes (84) in Reaktion auf den Vergleich.

Haarpflegegerat nach Anspruch 2, dadurch ge-
kennzeichnet, dass das Haarpflegegerat einen
Zeitgeber (90) umfasst, um nach dem Abschalten
des Heizelementes (84) ein Aktivierungssignal (Q)
an eine Signalisierungseinrichtung (98, 110) abzu-
geben.

Haarpflegegerat nach Anspruch 3, dadurch ge-
kennzeichnet, dass das Haarpflegegerat weiter-
hin ein Geblase (86) umfasst und Mittel (114, 116,
118) zum Abschalten des Geblases (86) in Reaktion
auf das vom Zeitgeber (90) kommende Aktivie-
rungssignal (QN).

Haarpflegegerat nach Anspruch 1, 2 oder 3, da-
durch gekennzeichnet, dass die Spannungsquel-
le (28) eine Wechselspannungsquelle (42, 44) und
der Signalstrom ein Wechselstrom ist.
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6.

Haarpflegegerat nach Anspruch 2, 3, 4 Oder 5, da-
durch gekennzeichnet, dass die Mittel zum Ver-
gleichen umfassen: einen ersten monostabilen
Multivibrator (60) mit einem Ausgang (QN) und mit
einem Triggereingang (-T), der mit dem Ausgang
(44) des Komparators (42) gekoppelt ist; einen
zweiten monostabilen Multivibrator (68) mit einem
Ausgang (Q) und mit einem Triggereingang (-T),
der mit dem Ausgang (QN) des ersten monostabi-
len Multivibrators (60) gekoppelt ist; und die Mittel
zum Abschalten des Heizelementes (84) umfassen:
einen elektronischen Schalter (76, 80, 82) mit ei-
nem Hauptstrompfad (82) in Reihe mit dem Heize-
lement (84) und mit einem Steuereingang (74, 76),
der mit dem Ausgang (Q) des zweiten monostabilen
Multivibrators (68) gekoppelt ist.

Revendications

1.

Appareil de soins capillaires comprenant:

des moyens a coiffer des cheveux (10, 12); un
élément de chauffage électrique (84) permet-
tant de chauffer les moyens a coiffer des che-
veux (10, 12); des électrodes (14 A, 14 B) qui
entrent en contact avec les cheveux a soigner
pendant I'utilisation de I'appareil de soins capil-
laires; et un circuit de mesure connecté électri-
quement aux électrodes (14 A, 14 B) pour la
mesure de la valeur (R,) de la résistance pré-
sente entre les électrodes (14 A, 14 B) et pour
convertir la valeur de résistance en un signal
de mesure (MS), caractérisé en ce que le cir-
cuit de mesure comprend: une source de ten-
sion (28) connectée entre une premiére borne
(22) et une premiere électrode (14 B) desdites
électrodes (14 A; 14 B); une premiére résistan-
ce (20) connectée entre la premiére borne (22)
et une deuxiéme électrode (14 A) desdites
électrodes (14 A; 14 B); une deuxiéme résis-
tance (24) connectée entre la deuxiéme élec-
trode (14 A) et une deuxiéme borne (26); et un
convertisseur (30) servant a convertir un cou-
rant de signal (lg) par l'intermédiaire d'un trajet
de courant a partir de la deuxiéme borne (26)
a la premiére électrode (14 B) en un signal de
mesure (MS), le convertisseur (30) comprenant
un intégrateur (32) avec un amplificateur diffé-
rentiel (34) présentant une entrée inverseuse
(36) couplée a la deuxiéme borne (26), et un
condensateur (38) connecté entre une sortie
(40) de I'amplificateur différentiel (34) et I'en-
trée inverseuse (36); un comparateur (42) pré-
sentant une sortie (44) connectée a la premiére
borne (22), présentant une entrée non inver-
seuse (46) couplée a la sortie (40) de I'amplifi-
cateur différentiel (34) de l'intégrateur (32) par
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l'intermédiaire d'une troisiéme résistance (48)
et a la sortie (44) du comparateur (42) par l'in-
termédiaire d'une quatrieme résistance (50), et
présentant une entrée inverseuse disposée
pour recevoir une tension de référence (56).

Appareil de soins capillaires selon la revendication
1, caractérisé en ce que l'appareil de soins capil-
laires est en outre muni de moyens (60, 68) pour la
comparaison du signal mesuré (MS) avec un signal
deréférence, et de moyens (76, 80, 82) pour la mise
hors service de I'élément de chauffage électrique
(84) en réponse a la comparaison.

Appareil de soins capillaires selon la revendication
1, caractérisé en ce que l'appareil de soins capil-
laires est muni d'un circuit de réglage de temps (90)
servant a fournir un signal d'activation (Q) a un dis-
positif formateur de signaux (98, 110) aprés la mise
hors service de I'élément de chauffage (84).

Appareil de soins capillaires selon la revendication
3, caractérisé en ce que I'appareil de soins capil-
laires est en outre muni d'un ventilateur (86) et de
moyens (114, 116, 118) pour la mise hors service
du ventilateur 86 en réponse au signal d'activation
(QN) du circuit de réglage de temps (90).

Appareil de soins capillaires selon la revendication
3, caractérisé en ce que la source de tension (28)
est constituée par une source de tension alternative
(42, 44) et que le courant de signal est un courant
alternatif.

Appareil de soins capillaires selon la revendication
2, 3,4 0u b5, caractérisé en ce que les moyens con-
¢us pour la comparaison comprennent: un premier
multivibrateur monostable (60) présentant une sor-
tie (QN) et présentant une entrée d'enclenchement
(-T) couplée a la sortie (44) du comparateur (42);
un deuxieme multivibrateur monostable (68) pré-
sentant une sortie (Q) et présentant une entrée de
déclenchement (-T) couplée a la sortie (QN) du pre-
mier multivibrateur monostable (60); et les moyens
pour la mise hors service de I'élément de chauffage
(84) comprennent: un commutateur électronique
(76, 80, 82) présentant un trajet de courant principal
(82) monté en série avec I'élément de chauffage
(84) et présentant une entrée de commande (74,
76) couplée a la sortie (Q) du deuxieme multivibra-
teur monostable (68).
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